(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europfen des brevets 



(12) 



(11) EP 0 802 420 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) intciA G01R 27/02, G01R 35/00 




22.1 0.1 997 Bulletin 1 997/43 


(21) 


Application number: 97302511.7 




(22) 


Date of filing: 11.04.1997 




(84) 


Designated Contracting States: 


(72) Inventor: Wakamatsu, HIdeki 




DE GB 


HachioJI-slii, Tokyo (JP) 


(30) 


Prbrity: 18.04.1996 JP 96838/96 


(74) Representative: Powell, Stephen Davkl et ai 






WILLIAMS, POWELL & ASSOCIATES 


(71) 


Applicant: Hewlett-Packard Company 


34 Tavistock Street 




Palo Alto, California 94304 (US) 


London WC2E 7PB (GB) 



(54) Impedance measuring apparatus 

(57) An impedance measuring apparatus for a de- 
vice (10 is provided with a reference resistor part (20) 
and the relative error among measurement ranges is 
corrected automatically using the reference resistor A 
single range is calibrated using a single impedance 



standard so that absolute calibration is carried out for 
all of the ranges. A signal normalizing part (60) is placed 
on the front section of an A-D converter (70) and another 
signal normalizing part (40) is placed on the front section 
of a frequency converter (52). 
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Description 

The present invention relates to an impedance 
measuring apparatus. 

Figure 4 is a block diagram indicating the principle 
lying behind a typical prior art impedance measuring ap- 
paratus. The impedance measuring apparatus is provid- 
ed with test signal source 51 , current to voltage convert- 
er part 30, analog to digital (A-D) converter part 70, 
switch 71 and an arithmetic and control part (not shown 
in figure) for control thereof. 

The basic principle underlying the measuring proc- 
ess is as follows. Test signal is applied from test signal 
source 51 to one terminal on a device under test (DUT) 
10 via measurement terminal 11. Another terminal on 
DUT 10 is connected to current to voltage converter 30 
via measurement terminal 12. Current to voltage con- 
verter part 30 is provided with an amplifier 31, a switch 
35 and range resistors 32. 33 and 34. Range resistors 
32, 33 or 34 are selected by switch 35 and are connect- 
ed between the input and output terminals on amplifier 
31 . As a result, the input of current to voltage converter 
part 30 becomes equivalent to the ground potential by 
means of a feedback circuit which is made up of ampli- 
fier 31 and the resistors. In addition, the output becomes 
a voltage which is proportional to the input current. 

The input of current to voltage converter part 30, 
that is, measurement terminal 12, becomes ground po- 
tential. As a result, the output from test signal source 
51 , that is, the voltage from measurement terminal 11, 
becomes equivalent to the voltage between both termi- 
nals on DUT 10. 

As a result, when switch 71 is connected as indicat- 
ed in Figure 4 to Vch and the test signal source is se- 
lected, A-D converter 70 measures the voltage of the 
DUT. Meanwhile, the output voltage from current to volt- 
age converter part 30 is a voltage which is proportional 
to the current flowing through DUT 1 0. As a result, when 
switch 71 is connected to the Ich side and is used to 
select the output voltage from current to voltage con- 
verter part 30, A-D converter 70 measures the current 
flowing through DUT 10. 

In the configuration indicated in Figure 4. the test 
voltage is constant, the current is proportional to the ad- 
mittance of the DUT and the full scale of the measure- 
ment range is detemnlned by the admittance. Asa result, 
it is more appropriate to specify the measurement range 
using 'admittance' rather than using 'impedance". 

As indicated previously, measured admittance val- 
ue Y dut of the DUT is the product of the conductance 
Gi of the range resistors (32, 33 or 34) and the ratio \N 
of I obtained by connecting switch 71 to the Ich terminal 
and the value V obtained by connecting switch 71 to the 
Vch terminal and carrying out A-D conversion. In other 
words: 

Ydut = Gi»l/V (1) 



Mere, i indicates the name of the range. This is cal- 
culated using the arithmetic and control unit. 

Since the current flowing through the DUT greatly 
changes due to the impedance value (admittance value) 
s of the DUT, range resistors 32, 33 and 34 are switched 
using switch 35 and the current is converted and nor- 
malized to a voltage having a magnitude which can be 
measured with a high degree of accuracy by using the 
A-D converter 70. Although there are three measure- 
^0 ment ranges In Figure 4, it should by no means be con- 
strued that the number of measurement ranges is limit- 
ed to three. 

In the impedance measuring apparatus including 
multiple measurement ranges switched, calibration is 

ts carried out by multiple standards (working standards). 
The value of the respective standards (working stand- 
ards) is selected so that they provide a full scale for the 
A-D converter 70 in the corresponding range. This 
means that the selection is made so that the optimum 

20 measured SN ratio can be obtained in each of the rang- 
es. The corrected measured value is obtained by using 
the operation in the following formula using the correc- 
tion coefficient Ki obtained by using this calibration. 

Ydut=Ki«Gi*l/V (2) 

The conventional method of carrying out calibrat'ion 
for each measurement range which provided as many 
30 standards as there were ranges involved a large number 
of standards. The costs and management associated 
with such a method as well as the number of steps in- 
volved in the calibratbn process were burdensome both 
for the manufacturer and for the user. 
35 Therefore, an apparatus or a function which could 
be calibrated by using a single standard was ideal both 
for the manufacturer and the user. However, when the 
prior art impedance measuring apparatus was calibrat- 
ed using a single standard, calibration could be carried 
40 out suitably only within a certain range. There was, how- 
ever, a need for calibration in other ranges, under con- 
ditions which did not fulfill even 1 % of the full scale. 
Needless to say, this type of calibration method could 
not be applied to an impedance measuring apparatus 
4S which covered a wide measurement range. 

Problems Which the Present Invention Attempts to 
Resolve: 

so An impedance measuring apparatus requires mul- 
tiple calibration standards in order to calibrate multiple 
measurement ranges and a long time is required for this 
calibration process. 

An object of the present invention is to provide an 
55 impedance measuring apparatus capable of simply and 
rapidly carrying out a calibration of multiple impedance 
measurement ranges by using a single impedance 
standard. 
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In the basic means of the present invention, the im- 
pedance measuring apparatus Is provided with a group 
of reference impedances. The relative en-or between the 
measurement ranges is automatically corrected inter- 
nally using the reference impedances. By calibrating a 
single range using a single impedance standard, abso- 
lute calibration of all of the ranges can be carried out. 

The aforementioned basic means corrects the rel- 
ative error among the measurement ranges by the me- 
diation of the reference impedance. As a result, a meas- 
urement at a value which is smaller than the full scale 
of the range is Inevitable. As a result, errors resulting 
from the resolution, linearity and the SN ratio are prop- 
agated throughout the ranges and accumulate. In order 
to prevent this, a signal normalizing part Is placed In front 
of the A-D converter and frequency converter where 
such errors arise, thus avoiding measurement at a value 
which is smaller than the full scale. 

Fig. 1 Indicates a third practical embodiment of the 
present invention. 

Fig. 2 indicates a first practical embodiment of the 
present invention. 

Fig. 3 indicates a second practical embodiment of 
the present invention. 

Fig. 4 Indicates an example of the prior art. 
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52 


Frequency converter 


53 


Local signal 


60 


Signal normalizing part 
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A-D converter 
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Figure 2 indicates the configuration of the above- 



mentioned basic means which is used as the first prac- 
tical embodiment of the present invention. The refer- 
ence numerals are the same as for the configuration el- 
ements of the prior art apparatus Indicated in Figure 4. 

s The first practical embodiment provided here is an 
example which uses a resistor as the reference imped- 
ance for measuring the relative error among the ranges. 
Unlike the prior art indicated in Figure 4, there are added 
reference resistor part 20 and switch 24 which is 

10 switched between reference resistor part 20 and DUT 
10. In addition, there is no need to calibrate resistors 21 
and 22 in reference resistor part 20. Nor is there any 
need for long-term stability. 

In order to facilitate understanding, we shall set the 

IS number of measurement ranges at three, making an al- 
lotment for each range at 10-fold inten/als and specify 
100 mS for the full scale of the first range, 10 mS for the 
full scale of the second range and 1 mS for the full scale 
of the third range. However, it should by no means be 

20 construed that the present invention is limited to these 
values. 

The method for calibrating the absolute error of all 
of the ranges by measuring the relative error among the 
ranges is as follows. It is carried out by controlling from 
25 the arithmetic and control unit (not shown in the figure). 
First, we start by connecting switch 24 to side C (ref- 
erence resistor part side) as indicated in Figure 2, meas- 
uring the reference resistor part 20 and calibrating the 
relative error among the ranges. 10 mS reference resis- 
30 tor 21 is selected using switch 23. Switch 35 is placed 
in the 100 mS range (first range) and the reference re- 
sistor 21 is measured at an admittance scale of 10 %. 

Next, we leave switch 23 selecting 10 mS reference 
resistor, place switch 35 In the 10 mS range (second 
35 range) and measure the full scale. 

With a measured value of Yl for the former and Y2 
for the latter. K 12 which is the ratio of correction coef- 
ficient K1 and K2 In fonmula (2), is obtained from the 
following formula. 

40 

K12 = K1/K2 = Y2/Y1 (3) 

Next. K 23 (= K 2 / K 3) can be found by selecting 
45 1 nriS reference resistor 22 using switch 23 and carrying 

out measurement in the 10 mS range (second range) 

and the 1 mS range (third range). 

The relative error among all of the ranges can be 

determined in this way Switch 24 is brought down to 
so side M (measurement teiminal side) and the calibration 

standard is measured in the appropriate range so that 

calibration for the absolute valu e of all of the ranges can 

be completed. For example, when Y std is measured in 

the second range, we get the following. 

55 

K2 = Ystd/{G2-(l/V)) 
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K1 = K12»K2 



K3 = K2/K23 

As indicated previously, by successively switching 
the reference Impedances which are built into the im- 
pedance measuring apparatus, all of the ranges can be 
automatically calibrated by controlling from the arithme- 
tic and control part. 

Furthermore, calibration can be carried out even in 
a sequence opposite that used for calibrating the ranges 
mentioned prevtously. This means first evaluating the 
reference resistor at full scale and then calibrating 10 % 
of the range using the reference resistor. A sequence 
whereby calibration Is carried out first using the standard 
resistor may also be adopted. 

In the first practical embodiment of the present in- 
vention indicated in Figure 2, measurement at 10 % of 
full scale (hereinafter referred to In abbreviated form as 
"10 % measurement') is such that the measuring accu- 
racy declines compared to when full scale is used. As a 
result, errors are propagated throughout the ranges as 
the above-mentioned calibration and evaluation proc- 
esses are repeated and these errors accumulate, thus 
making the method defective. The primary cause of the 
errors is the deterioration of the signal to noise (SN) ra- 
tio, the resolution and the linearity when 10 % measure- 
ment is carried out. 

The noise encountered is made up of thermal noise 
and "shot" noise of each of the elements making up the 
circuit and occurs in superimposed fashbn on the sig- 
nals. In the 10% measurement, the SN ratio is 1/10 that 
of full scale. According to the statistical principles of 
Gaussian noise, a measurement time which is ten times 
that of full scale is required to obtain a measurement 
reproducibility (measurement error standard deviation) 
equal to that at full scale. When the signals are weak, 
the quantizing step size of the A-D converter as well as 
its un-unlformity adversely affect the measuring resolu- 
tion and linearity. When the 1 0 % measurement is used, 
following a simple model, the error resulting from these 
multiplies tenfold. 

As a result, in the first practical embodiment, an in- 
crease in the error is unavoidable even if the calibration 
time is increased. This practical embodiment of the in- 
vention is not suitable for calibration of an impedance 
measuring apparatus having a high precision measure- 
ment or a wide measurement range. 

Figure 3 indicates a second practical embodiment 
of the means used to resolve the problems encountered 
in the first practical embodiment of the present inven- 
tion. The sequence for calibrating reference resistor part 
20 and the errors among the ranges is the same as for 
the first practical embodiment. Here too we shall specify 
three measurement ranges and a tenfold interval for the 
impedance undertaken for each of the ranges in order 



to facilitate understanding of the practical embodiment. 
It should by no means be construed, however, that the 
number of measurement ranges, the intervals, and im- 
pedances are restricted to these. 

s In order to eliminate any accumulation of errors re- 
sulting from deterioration of the resolution and the line- 
arity of the A-D converter 70, we shall attach a signal 
normalizer 60 to the front stage of A-D converter 70. Sig- 
nal normalizer 60 Is provided with transformer 61 , am- 

10 piifier 62 and switch 63. In the example indicated in Fig- 
ure 3, transformer 61 is provided with an output terminal 
and reduces the input voltage to 1/10 and the gain of 
amplifier 62 is set at 10. As a result, when switch 63 is 
used to select x 10, as indrcated in Figure 3, the gain of 

IS signal normalizer 60 Is increased tenfold. When switch 
63 is used to select x 1 , the gain of signal normalizer 60 
is unity. 

When correction for error is made for the various 
ranges, when the gain of signal nonmalizer 60 is unity 

20 for full scale measurement and tenf okl for 1 0 % meas- 
urement, the input for A-D converter 70 is normalized to 
full scale. As a result, the apparent dynamic range for 
the A-D converter is noticeably improved and any errors 
caused by deterioration of the resolution and the linear- 
is ity are eliminated. 

In considering the accuracy of the gain of signal nor- 
malizer 60, it Is not the unity and tenfold values them- 
selves whbh are important but rather the gain ratio. 
Since the transformer is capable of carrying out voltage 

30 divisbn of the integer ratio at an error of several ppm, 
the gain of signal normalizer 60 need not be calibrated 
as long as a transformer is used. 

Furthermore, transformer 61 on signal normalizer 
60 may be replaced with resistive divider depending on 

3S the measuring precision or the measuring frequency of 
the impedance measuring apparatus. 

Next, we shall present a third practical embodiment 
of the present invention. Figure 1 indicates an example 
of a wide frequency band impedance measuring appa- 

40 ratus whose measuring frequency is 1 00 Hz to 1 00 MHz. 
We shall specify three measurement ranges to fa- 
cilitate understanding of the device, although it shoukJ 
by no means be construed that the number of possible 
ranges is restricted to three. 

45 Conventional high frequency band impedance 
measuring apparatuses are oftentimes realized with su- 
perheterodyne systems. In the supertieterodyne sys- 
tem, the measuring frequency is mixed with local signals 
53 and converted to an intermediate frequency at fre- 

so quency converter 52. Then, it is measured using an A- 
D converter 70. 

Signal normalizing part 60 is provided at the inter- 
mediate frequency stage at the input to A-D converter 
70 in order to eliminate any accumulation of errors re- 

55 suiting from deterioration of the resolution and linearity 
of A-D converter 70. The signal normalizer 60 operates 
in the same way as signal normalizing part 60 in the sec- 
ond practical embodiment of the present inventbn. 
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However, when the heterodyne system is used, the 
problem involving the SN ratio cannot be resolved solely 
by attaching signal normalizer 60 to the input of A-D con- 
verter 70 mentioned above. When the heterodyne sys- 
tem is used, the SN ratio is usually limited by the dy- 
namic range of frequency converter 52. When 10 % 
measurement is carried out, the SN ratio becomes 1/10 
of that which occurs when a full scale measurement is 
carried out. 100 times the measurement time as for a 
full scale measuring action is required to obtain the 
same standard deviation for measurement error as for 
full scale measurement. 

Thus, if still another signal normalizing part is 
placed in the test frequency stage on the front section 
of frequency converter 52 and the gain Is set at x 10 
during 10 % measurement of the calibration for the rel- 
ative errors between the ranges, it is clear that the SN 
ratio can be improved. The signal normalizing part 40 
indicated in Figure 1 indicates such a configuration. In 
the example in Figure 1, signal normalizing part 40 is 
provided with a voltage divider made up of resistors 43 
and 42, a switch 44 and an amplifier 41. If the gain for 
1 0 % measurement is set at tenfold, as was the case for 
signal normalizing part 60, the noise problem caused by 
frequency converter 52 can be resolved. 

It is not possible, however, to make a voltage divider 
of a ppm order which does not require calibration within 
a wide band of 100 Hz to 100 MHz. Therefore, the volt- 
age division ratio for signal normalizing part 40 is to be 
calibrated in the same way as the Impedance range. 

For example, if signal normalizing part 40 is 
switched to x 10 and x 1 with a setting (10 % measure- 
ment) for measuring 1 mS reference resistor at a 1 0 mS 
range, and if signal normalizing part 60 on the interme- 
diate frequency stage is switched in line with this to x 1 
and x 10 and measurement is carried out, there is no 
deterioration In A-D conversion and the accurate gain 
ratb can be found for signal normalizing part 40. 

Despite this, since as usual the S/N ratio is poor in 
frequency converter 52 with a gain of x 1, a 100-fold 
measurement time is required to calibrate this signal 
normalizing part 40. However, even with a 100-fold re- 
quired calibration time, the following two effects can be 
obtained for the signal normalizing part 40. 

In calibrating an impedance measuring apparatus 
with N number of measurement ranges, N - 1 times is 
required for 10 % measurement. By contrast, 10 % 
measurement required for calibrating signal normalizing 
part 40 need be carried out only one time so that the 
calibration time can be shortened. 

The second effect comes about from the require- 
ments for correcting the frequency characteristics for 
the wide frequency band impedance measuring appa- 
ratus. When there is more than one range resistor and 
the values of these cover a wide range, there are great 
differences in the frequency characteristics in the vari- 
ous ranges due to parasitic capacity and the switching 
circuit. For that reason, a great number of calibration 



frequency points are required even assuming that Inter- 
polation has been carried out inside the frequency On 
the other hand, signal nomnalizing part 40 can be con- 
figured with a simple circuit thus resulting in flat f requen- 
5 cy characteristics. The calibration frequency points re- 
quired to interpolate and correct all of the frequency 
bands of signal normalizing part 40 may be approxi- 
mately 1/10 of that relative to the range. 

Above we have presented a practical embodiment 
10 of the present invention which resolves the problems en- 
countered in 10 % measurement based on an example 
of a wide band impedance measuring apparatus. The 
problems with errors encountered in A-D conversion 
have been resolved and the time required to secure the 
IS SN ratio has been shortened. The calibration time which 
increases two-dimensionally In a combination of range 
direction and frequency direction has been shortened 
so that It is virtually one-dimensional. 

In the present invention, either before or after caW- 
20 bration for the relative errors among the various ranges 
has been carried out, a single calibration standard is 
connected between measurement terminals 11 and 12, 
this is measured in the appropriate range and absolute 
calibration is carried out. We shall next discuss the con- 
25 ditions relating to this standard. 

It is clear that it is relatively easy to handle the re- 
sistor which provides a full scale within a certain range 
as the calibration standard for a wide frequency band 
impedance measuring apparatus. Nevertheless, this is 
30 by no means restricted to the resistor. If one range is 
calibrated to an absolute value, the absolute value cal- 
ibration extends to all of the ranges due to the relative 
value calibration function. As a result, if 'autoranging* is 
carried out while the frequency "sweeps", a standard ca- 
35 pacitor may also be used. 

However, it should be understood that in this case, 
making a finer setting for the gain switching for signal 
normalizing parts 40 and 60 provides a higher probabil- 
ity of being able at all times to input to A-D converter 70 
40 a voltage which is closer to the full scale thus making It 
nx>re effective. 

Although we have already provided practical em- 
bodiments of the present invention, it should by no 
means be construed that the present invention is re- 
45 stricted to the methods of exhibiting, arranging and dis- 
posing the device as well as any other related aspects 
which are presented here. 

As has already been explained, if the present inven- 
tion is used, an impedance measuring apparatus which 
50 is so configured that a wide impedance range is covered 
by multiple ranges can be calibrated simply and rapidly 
using a single impedance standard. The present inven- 
tion is further effective for wide band impedance meas- 
uring apparatuses and the type of calibration standard 
55 is not limited to either resistor or capacitor. 

In addition, it is possible not only to rapidly calibrate 
or adjust the apparatus when it is being manufactured 
and shipped, but also the end user may easily recall- 
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brate the apparatus based on his existing standards. 
The apparatus nr^y also be used practically and effec- 
tively compared with conventional one that needs mul- 
tiple standards, because present apparatus needs only 
one standard, and improves traceability and consisten- 
cy among ranges. 



Claims 

1 . An impedance measuring apparatus for measuring 
an impedance of a device under test (DUT) (10) 
through use of a plurality of measurement ranges, 
said apparatus comprising a test signal source (51 ), 
Impedance measuring means, reference Imped- 
ance means including a selecting switch (35) and 
one or more reference impedances (32-34). said 
selecting switch controllable to selectively switch to 
a reference impedance, characterised in that the 
apparatus further comprises switching means (24) 
for selectively connecting the DUT or a selected ref- 
erence impedance (20) from said reference imped- 
ance means to the Impedance measuring means 
and said test signal source. 

2. The impedance measuring apparatus of Claim 1 
further comprising signal normalizing means (60) 
inserted Into a path for measuring current through 
the DUT 

3. The impedance measuring apparatus of Claim 1 or 
2 further comprising conversion means (52) cou- 
pled between said test signal source (51) and said 
Impedance measuring means for converting test 
signal frequencies from said DUT or a selected ref- 
erence Impedance to intermediate signal frequen- 
cies. 



7. The Impedance measuring apparatus of any of 
Claims 2 to 4, further comprising means for evalu- 
ating a single reference impedance in a first meas- 
urement range and in a second measurement 

s range, and finding a relative error between the first 
measurement range and second measurement 
range, and for switching the gain of the aforemen- 
tioned signal normalizing means according to the 
size of the input level of the signal normalizing 

10 means to thereby normalize an output level of the 
signal normalizing means. 

8. The impedance measuring apparatus of any pre- 
ceding Claim, wherein the aforementioned refer- 

is ence impedance is a resistor. 

9. The impedance measuring apparatus of any pre- 
ceding Claim, further comprising means for evalu- 
ating a single reference impedance in a first meas- 

20 urement range and In a second measurement 
range, and finding a relative error between the first 
measurement range and second measurement 
range. 

25 10. A method for calibrating an impedance measuring 
apparatus, comprising the steps of: 

a) measuring over plural measurement ranges 
a reference impedance and finding a relative 

30 error between the measurement ranges; 

b) measuring a single impedance standard and 
calibrating a single measurement range; and 

c) employing said single measurement range 
as calibrated in step b) to calibrate another 

35 measurement range. 
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4. The impedance measuring apparatus of Claim 3 
further comprising signal normalizing means 
(40,60) inserted into a path for measuring current 
through the DUT 

5. The impedance measuring apparatus of any of 
Claims 2 to 4, wherein said signal normalizing 
means is provided with multiple resistors (42,43), 
switching means (44) and amplification means (41 ) 
and which changes a gain of the signal normalizing 
means by selectively switching of a resistor using 
said switching means. 

6. The impedance measuring apparatus of any of 
Claims 2 to 4 wherein said signal normalizing 
means Is further provided with a transformer (61), 
a switching means (63) and an amplification means ss 
(62) and which changes the gain of the aforemen- 
tioned signal normalizing means by selectively 
switching said resistor using the switching means. 
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